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United States Patent Office 3,000,576 
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3,000,576 
SPRAY GUN 

Gustave S. Levey and Stanton F. Harvey, Houston, Tex., 
assignors to The Spee-Flo Company, Houston, Tex., a 
corporation of Texas 

Filed Mar. 1, 1960, Ser. No. 12,092 
8 Claims. (C. 239-499) 

This invention relates to a spray gun for paint and the 
like, more particularly a gun for hydraulically atomizing 
and spraying paints and other liquids. 

Heretofore paints have been sprayed by entraining 
paint in a jet of high pressure air escaping through a 
spray nozzle, the air serving to atomize and propel the 
paint against a surface to which it is to be applied. Such 
air spray guns have been capable of applying paint at sub 
stantially uniform density over surfaces of any configura 
tion. The compressed air escaping through the nozzle 
breaks up the paint into a mist of substantially uniform 
density which is applied to the surface being painted as 
an elliptical pattern with a marginal portion feathering out 
to a decreased density of paint. This pattern permits a 
continuous spray from the gun to be progressed along the 
Surface being painted, in the direction of the short dimen 
sion of the elliptically-shaped pattern, to produce a uni 
form strip having lateral margins feathered out so that 
Subsequent parallel passes with the spray gun with the 
feathered margins of the patterns over-lapping permits 
the application of a uniform coating of the desired density 
over the entire surface. 
The principal objection to the use of air spray guns 

resides in the fact that the compressed air serving as the 
atomizing and carrying medium must escape and carries 
with it a Substantial quantity of paint and paint solvents. 
This results in an excessive waste of the paint and also 
produces a large volume of air mixed with flammable 
paint and solvent vapor which must be conducted away 
with hoods, stacks and the like from the area in which 
the paint is being applied. 

Efforts have been made to eliminate this over-spray by forcing the liquid paint at high velocity through 
atomizing nozzles having sharp outer edges without the 
use of air. Such "airless' spraying requires pumping the 
liquid paint under high pressure to produce the necessary 
velocity through the nozzle to obtain hydraulic atomiza 
tion. The difficulty of breaking up and atomizing the 
paint depends, among other factors, upon the viscosity, 
Surface tension and density of the paint. Correct atomiza 
tion has not heretofore been achieved with many mate 
rials. Efforts to improve the atomization and distribution 
have included heating the paint which tends to reduce 
viscosity and surface tension but does not change the 
density and also by the use of increased hydraulic pres 
sures. None of these expedients solved the problem par 
ticularly for high quality finishes. 

All of these prior efforts to eliminate the disadvantages 
of air spraying, however, have resulted in non-uniform 
spray patterns having thickened portions or "pig-tails' 
near the opposite ends of the oval spray patterns and 
lacking the feathered marginal portion produced by the 
air spray guns which are necessary to permit lapping of 
successive passes to obtain a uniform film. The typical 
airless spray nozzles heretofore used have a small orifice 
usually of an elliptical shape with sharp edges. Such a 
nozzle inherently creates a vena contracta or restriction 
caused by the rapid acceleration of the liquid as it passes 
through the orifice. As the typical airless spray nozzle 
orifice is elliptically shaped with vertices at the top and 
bottom which are necessary to produce the elliptical 
spray pattern, the creation of the vena contracta tends to 
prevent the passage of the liquid oyer the sharp vertices 
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and, therefore, to prevent the full atomization quality 
which is necessary. This poor atomization at the top 
and bottom of the orifice creates the pig-tail or thickened 
edges already referred to. Efforts to eliminate this com 
mon difficulty with standard airless guns include reduc 
tion of viscosity, by thinning or an increase in pressure 
which is similarly a disadvantage because such pressure 
increase is accompanied by a voiume increase through the 
center of the nozzle which results in "flooding' of the 
work as a result of excessive material flow. As it is im 
possible to eliminate the vena contract by streamlining the 
orifice because the orifice shape as presently designed 
must remain, we have eliminated it by accelerating the 
fluid jet prior to its introduction into the spray nozzle to 
a velocity approximately equal to that of the velocity of 
the liquid moving through the nozzle itself. By con 
trolling the liquid in this manner we have eliminated any 
tendency to form a vena contracta and have obtained 
substantially uniform pressure and velocity across the area 
of the spray nozzle, so that the liquid is uniformly 
atomized and distributed across the spray pattern with a 
uniform reduction in density or feathering at the margins 
of the pattern. All of the advantages of the prior air and 
airless methods are thereby realized with the elimination 
of the disadvantages of each. 
Known forms of spray guns embody passageways 

adapted to be connected to a source of paint under high 
pressure, a valve body in the passageway with a valve 
port extending therethrough, a needle or ball pointed 
valve member movable in the passageway and arranged 
to seat on the upstream side of the valve body to inter 
rupt the flow and a spray nozzle secured to the gun on 
the downstream side of the valve plate. Conventional 
spray nozzles have elongated or oval-shaped nozzle open 
ings, the area of the opening varying from an area equal 
to that of a circle of .011 of an inch in diameter, to an 
area equal to that of a circle of about .035 of an inch in 
diameter. Thus the area of all of these openings is less 
than .001 square inch. The valve port and all other 
passages upstream from the nozzle opening have been 
maintained substantially larger than the area of the nozzle 
opening to minimize pressure drop and flow restriction, 
and to impose high pressure on the nozzle, in an effort 
to obtain atomization. 

In the prior spray guns, the paint reached the nozzle 
under high pressure and with relatively low velocity, and 
was accelerated in the nozzle opening to the high velocity 
and low pressure of the spray fan, resulting in a vena 
contracta, which contributed to the undesirable distribu 
tion and atomization characteristic of the prior airless 
spray guns. 

In accordance with the present invention, the paint 
moves as a submerged jet at high velocity and low pres 
sure into the nozzle opening, spreading sufficiently to fill 
the opening. The vena contracta is eliminated, and uni 
form, complete atomization is effected. 

In a preferred embodiment of the present invention a 
restricted orifice is provided between the valve and the 
nozzle so. as to accelerate the paint to the desired high 
velocity. The orifice is aligned with the central axis of 
the nozzle opening and discharges a submerged jet into a 
space of substantially larger diameter than the orifice, 
through which the jet travels and spreads sufficiently to 
fill the nozzle opening with high velocity paint. 

In another embodiment of the present invention, the 
relatively large diameter valve port of the prior spray 
guns is retained unchanged, and a hole is bored into 
the large diameter chamber between the valve plate and 
the nozzle and connected to a return hose leading to 
the intake side of the pressure pump, so that the paint 
passes through the valve port at the same high velocity 
and low pressure with which it passes through and 
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emerges from the nozzle opening, the excess quantity 
passing through the valve port because of its larger area 
being returned through the bleed hole to the intake side 
of the pump. 

Each of these embodiments achieves the principal ob 
jects of this invention of uniformly atomizing and dis 
tributing the paint in the spray fan, and producing a spray 
pattern with feathered margins. 

Other objects and advantages will appear from the fol 
lowing detailed description of preferred embodiments of 
this invention. 

In the accompanying drawings, 
FIG. 1 is a vertical section through an airless spray 

gun embodying the present invention; 
FIG. 2 is a greatly enlarged cross-section through the 

valve port and spray nozzle of a gun constructed accord 
ing to this invention; 
FG. 3 is an enlarged end elevation taken on the line 

3-3 of FIG. 2 looking in the direction of the arrows; 
FG. 4 is a cross-section taken on the line 4-4 of 

FIG. 3 looking in the direction of the arrows; 
F.G. 5 is a detailed cross-section through the spray 

nozzle taken on the line 5-5 of FIG. 4 looking in the 
direction of the arrows; 
F.G. 5A is a further enlargement of the central por 

tion of FIG. 5 showing the spray nozzle opening; 
FIG. 6 is a view similar to FIG. 2 on a somewhat 

Smaller scale showing another embodiment of the present 
invention; 
FIG. 7 is a view similar to FIG. 6 showing further 

modification; 
FIG. 8 is a similar cross-section through a spray noz 

zle showing another embodiment of the present invention; 
and 

FIG. 9 is a representation of a painted strip produced 
by a spray gun embodying the present invention with a 
Second spray pattern over-lapping the first strip. 

Referring to the drawings, the spray gun illustrated in 
FIG. 1 embodies a handle portion 10 having a forwardly 
extending stock portion 1 to which is secured a spray 
portion 12 by means of a bolt 3. 
The spray portion 12 has an axial bore 14 having an 

internally threaded portion 15 at its forward end and a 
reduced counterbore 16 at its rearward end. Threaded 
fitting boss 7 opens into the lower side of the bore 14 
and is formed to receive a combined swivel fitting and 
strainer holder 18. The fitting 18 includes an enlarged 
passage containing a strainer or filter 9 and at its lower 
end is threaded to receive a nut 20 within which is 
rotatably secured a swivel coupling member 21 adapted 
to be connected to the end of a flexible hose leading 
from a high pressure paint pump. The coupling member 
21 may be rotatably secured to the nut 20 in any suitable 
manner as by a metal ring 22 and the inner end of the 
coupling member 2 is sealed against fluid leakage as 
by the gaskets 2a which engage and seal against the 
member 2 and the inner wall of the fitting 18. The 
fitting 8 is formed with wrenching flats 8a so that 
it may be removed by holding the handle portion 10 and 
applying a wrench to the flats 18a thereby permitting the 
strainer 19 to be removed and replaced. The swivel may 
be disconnected for repacking and the like by applying 
one wrench to the flats 18a and another to the nut 20. 
By this arrangement it is possible to remove, clean or 
replace the strainer 19 quickly and easily with a single 
wrench without opening the swivel connection itself which 
requires less frequent attention. 
The hose connected to the fitting 22 may be branched, 

with a return line leading through a pressure reducing 
valve to the intake of the pump if it is desired to use 
a heater in the supply line. A suitable pump and cir 
culating system is disclosed in a co-pending application 
Serial No. 853,638, filed November 17, 1959, to which 
reference is made for a more complete disclosure of the 
structure and operation of the pump and arrangement of 
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4. 
hoses and a heater. When no re-circulation is needed 
or desired, the coupling 21 may be connected to a single 
hose leading to a source of paint under pressure, such 
as the outlet side of a pump. 
A nut 23 is secured in the threaded end 15 of the bore 
4 and secures a valve body 24 in position at the for 
ward end of the bore 14. The valve body 24 has an 
axial valve port 25 extending therethrough, the inner 
or upstream end of which is adapted to be closed by a 
ball valve 26 carried on an axially extending valve stem 
27. The valve stem is guided in the counterbore 16 and 
extends through a gland nut 28 which seals the free 
end of the counterbore 16. The valve stem 27 is biased 
forwardly in any suitable manner into position to seal 
the valve port 25. 

in the illustrated arrangement a tubular member 30 
is adjustably threaded into a sleeve 31, the latter being 
secured in the handle portion 10. The tubular member 
30 encloses a spring 32 arranged to urge forwardly a 
pusher sleeve 33 adjustably secured to the valve stem 
27. The forward end of the sleeve 33 has an abutment 
flange 34 adapted to be engaged by a pivoted trigger 35. 
Pressing the trigger 35 toward the handle portion 16 re 
tracts the valve stem 27, opening the valve port 25. 
The spray portion 12 at the forward end of the bore 
4 is also externally threaded to receive a nut 36 which 

secures a spray nozzle assembly to the forward end 
of the gun. As best shown in FIG. 2, the valve body 
24 has a reduced portion 40 at its forward end which fits 
in a counterbore 41 in the nut 23. The valve body 
24 may have a press fit within the nut 23 so that it is 
secured in place and sealed against fluid leakage, and the 
valve body itself is preferably made of hard erosion re 
sistant material such as tungsten carbide. As shown in 
F.G. 2 the valve port 25 terminates in a flared seating 
surface 42 to engage the ball valve 26 and at its opposite 
end the port 25 communicates with a restricted orifice 43. 
The orifice 43 is preferably a straight cylindrical hole 
with an axial length from about two to ten times its 
diameter. 
The spray nozzle assembly 37 includes a holder 44 hav 

ing an external flange 45 to be engaged by an internal 
flange on the nut 36. A spray tip 46 has a reduced for 
ward end portion 47 and is press-fitted into a correspond 
ingly shaped axial opening 48 in the holder 44. The 
tip 46 is preferably formed of hard erosion resistant ma 
terial such as tungsten carbide and has a relatively large 
bore 49 extending inwardly from the rearward end there 
of. A small bore 50 is formed through the forward por 
tion of the tip 46 to form the spray nozzle opening. Pref 
erably the bore 49 terminates in a substantially perpen 
dicular wall or shoulder as illustrated. 
A spacer sleeve 51 is fitted within the holder 44 and 

abuts against the rearward end of the tip 46 and against 
the forward face of the nut 23, being secured in leak 
proof relation by the nut 36. The spacer sleeve 5 has an 
internal bore 52 which, as illustrated, is larger in diam 
eter than the bore 49 in the tip 46 and is preferably at 
least as large in diameter as the bore 49. 
The spray opening itself is formed as illustrated in 

FIGS. 3 to 5A. Projecting forwardly from the reduced 
portion 47 of the tip 46 is a boss 55 which, as shown, 
may have flat side faces 56 and 57 and a curved end 
face 58. A tapered slot 59 is cut transversely across the 
boss 55, the slot tapering to a narrow width equal to the 
desired width of the oval-shaped spray nozzle opening. 
The bore 50 is initially formed as a blind bore terminat 
ing in a spherically-shaped end 60 and the slot 59 is cut 
through the boss 55 far enough to intersect the bore 5). 
Thus the spray opening is an oval-shaped or elongated 
slot 61 having a long dimension equal to the diameter 
of the bore 50 and a short dimension equal to the mini 
mum width of the tapered slot 59. 

In an optimum arrangement the restricted orifice 43 
formed in the forward end of the valve body 24 is a cir 



8,000,576 
S 

cular bore of a diameter such, that its area is equal to 
the area of the oval-shaped spray opening 61. Thus the 
bore 50 leading to the spray opening is larger in diam 
eter than the orifice 43. When paint under high pres 
sure is delivered to the gun through a hose connected to 
the fitting 2; and the valve 26 is in open position the paint 
flows under high pressure through the valve port 25 and 
is then accelerated, with a consequent drop in pressure, 
through the restricted orifice 43. The space within the 
bores 49 and 52 is filled with paint, and paint emerges 
through the bore 50 and the oval-shaped spray opening 
6. A high velocity stream or jet of paint moves axially 
out of the orifice 43, travels through the center of the 
space in the bores 49 and 52 as a submerged jet and 
enters the bore 50, spreading sufficiently in its passage 
through the bores 49 and 52 to fill completely the 
bore 56. 
The area of the orifice 43 being equal to the area of 

the nozzle opening 61, the pressure through the orifice 
43 drops from the relatively high pressure existing in the 
valve port 25. The paint is driven through the bore 50 
and the spray nozzle 6 by the velocity of the submerged 
jet, with a relatively small pressure drop, rather than 
being driven through the nozzle opening by a high pres 
sure-head on the upstream side of the nozzle as in the 
spray guns used heretofore. The liquid paint in the bores 
49 and 52 is likewise at a relatively low static pressure 
and is given a toroidal rolling action by the action of 
the submerged jet, being driven forwardly with the jet 
near the axis and flowing rearwardly around the periph 
ery of the bores 49 and 52. Since the surrounding liquid 
is free to move or roll over it offers relatively little fric 
tional resistance to the submerged jet delivered from the 
orifice 43 and thus does not substantially reduce the vol 
line of paint that can be delivered through a particular 
nozzle opening 61 by a given pressure-head in the 
bore 4. 

With this arrangement the paint delivered through the 
nozzle opening 6 is completely and uniformly atomized 
as it passes the sharp outer edges of the nozzle opening 
and is driven forwardly in an oval-shaped spray fan. 
The Spray fan is completely or substantially free of any 
vena contracta and instead spreads uniformly in all di 
rections as it moves away from the spray nozzle opening. 
The Spray fan produces a pattern such as illustrated di 
agrammatically in FIG. 9 with a central oval-shaped por 
tion 62 constituting a paint film of uniform thickness and 
a feathered margin portion 63 in which the quantity of 
paint reduces uniformly towards the extreme edge of the 
pattern. Thus the operator can direct the spray fan 
against a surface to be painted and by moving the gun 
downwardly, or in the direction of the narrow dimension 
of the pattern, can produce a uniformly painted strip 
such as 64 of any desired length. A subsequent strip 
can be applied adjacent the first strip with the feathered 
margin portions over-lapping so that the thickness of the 
film is substantially uniform completely across the surface 
to be painted, the over-lapped marginal portions reinforc 
ing each other as indicated at 65. 
As stated above, the optimum arrangement is one in 

which the cross-sectional area of the orifice 43 is equal 
to the area of the nozzle opening 6. However, it is de 
sirable to use a substantial number of different sized and 
different shaped spray nozzle openings, depending upon 
the liquid volume requirement of the particular material 
that is being sprayed. Thus, a slow drying enamel which 
must be applied in a thin coat to avoid runs and sags 
requires a nozzle opening having an area equal to the 
area of a circle .011 or .013 of an inch in diameter, 
whereas other materials require or permit openings with 
a larger area or with a smaller proportionate difference 
between the long and short dimensions of the oval 
opening. 

It is customary to change spray tips as needed by sim 
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6 
ply removing the nut 36 and replacing the spray tip 
assembly 37 with a different assembly. Since it is diffi 
cult to replace the restricted orifice 43 each time a dif 
ferent spray tip assembly is secured to the gun we have 
found that satisfactory results can be obtained with three 
different sizes of the orifice 43. We have found that 
when the orifice 43 is made as a circular hole with a 
diameter of about .012 of an inch satisfactory results are 
secured with spray nozzles in which the area of the nozzle 
opening 6 varies from an area equal to that of a round 
hole of a diameter of .011 of an inch to the area of a 
round hole of .015 of an inch. For the larger sized nozzle 
openings in which the area of the nozzle opening 6 varies 
from the area of a circle of .015 of an inch in diameter 
to the area of a circle of .021 of an inch, we have found 
that satisfactory results are secured by using an orifice 
such as the orifice 43 having a diameter of .018 of an 
inch. For nozzles with areas equal to circles of .021 
through .031 of an inch in diameter, satisfactory results 
are secured with an orifice with a diameter of .025 of an 
inch. In each of these arrangements the area of the 
nozzle opening and of the orifice is less than .001 square 
inch. These three steps cover the present commercial 
range. - 

When the area of the orifice 43 exceeds the area of 
the nozzle opening 61 the velocity of the submerged jet 
delivered by the orifice 43 is less than the velocity through 
the nozzle opening 61. When this difference in velocities 
becomes great enough it tends to produce a vena con 
tracta in the spray fan and to interfere with the uniform 
atomization and distribution achieved by this invention. 
We have found that the critical limit is reached when 
the area of the orifice 43 is as much as twice the area 
of the nozzle opening 6. When the area of the orifice 
43 is Smaller than the area of the nozzle opening 61 uni 
form atomization and distribution may nevertheless be 
secured, but a smaller amount of paint is delivered than 
would otherwise be obtained through the particular nozzle 
with a given pressure in the supply. When the jet de 
livered by the orifice is too small, however, the jet does 
not fill the bore 50 and the desired spray fan is not pro 
duced. We have found that the critical limit in this direc 
tion is reached when the area of the orifice 43 is as 
small at 4 the area of the nozzle opening 61. 

It is also necessary that the orifice 43 be sufficiently 
long to establish a submerged jet which persists as a jet 
until it reaches and fills the bore 50 leading to the nozzle 
opening 6. At the same time it is desirable to keep the 
length of the orifice as short as possible so that it does 
not substantially reduce the volume of paint delivered 
from the nozzle opening under a given pressure-head. 
We have found that the optimum axial length of the ori 
fice 43 is about three times its diameter but that satisfac 
tory results are obtained if its axial length is not less than 
two diameters. An axial length of the orifice 43 up to 
about ten times its diameter does not seriously interfere 
with the volume of paint or require excessively high 
pressures in the supply lines. 

It is also necessary to maintain the orifice 43 aligned 
with and co-axial with the bore 50 or the central axis of 
the nozzle opening 61 so that the submerged jet delivered 
by the orifice 43 uniformly fills the nozzle opening 61. 
We have found that an enlarged space, or chamber such 
as that provided by the bores 49 and 52 between the ori 
fice 43 and the bore 50, is likewise essential for the best 
results. We have found that the axial length of this 
chamber is preferably about 4 of an inch for average 
materials and orifice and nozzle areas within the range 
given above. For spraying materials with higher than 
average density and/or surface tension this distance is 
preferably greater to permit the submerged jet to spread 
sufficiently to fill the nozzle opening, without overfilling. 
For materials below average in density and/or surface 
tension a shorter axial length gives optimum results. An 
excessive length tends to increase the spreading of the 
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submerged jet delivered by the orifice 43 with consequent 
increase in pressure and reduction in velocity. An in 
sufficient axial length of this space tends to prevent com 
plete filling of the nozzle opening particularly at the ends 
of the long dimension of the nozzle opening 61. 
A modified form of the invention is illustrated in 

FIG. 6. In this form the spray portion 112 of the gun 
and the nozzle assembly 137 are substantially identical 
with the parts 2 and 37, in the embodiment first de 
scribed. The restricted orifice, however, is provided by 
an additional member instead of being formed in the 
end of the valve body 24. As shown in FIG. 6, the valve 
body 24 has a straight cylindrical bore 125 extending 
completely therethrough and closed at its inner end by a 
ball valve 126. The nut 23 is formed with a reduced 
counterbore 4 providing a shoulder abutting against 
the forward end of the valve body 24 and is formed on 
its face with a recess snugly receiving a wafer 170. The 
wafer 78 is made of hard material such as tungsten car 
bide and is formed at its center with the restricted orifice 
143. The wafer 170 abuts the spacer sleeve 151 which 
in turn abuts the spray tip 46, all of these parts being se 
cured in leak-proof relation by the nut 136. 
The orifice 43 is preferably a straight hole circular 

in cross-section with an area substantially equal to the 
cross-sectional area of the spray opening in the spray 
tip 46, the relation of the areas and spacing of the parts 
being the same as in the embodiment first described. The 
wafer 170 may be made of a thickness to provide the 
desired axial length of the opening 143 which, as previ 
ously stated, may be from two to ten times the diameter 
of the orifice. While a particular wafer 170 with a given 
sized orifice 43 may be used with a range of sizes of 
spray nozzles within the limits described in connection 
with the first embodiment, it is also possible with this 
arrangement to provide a wafer 70 for each different size 
spray opening. In this way the optimum relation may 
always be maintained between the area of the spray open 
ing and the area and axial length of the orifice 43. 
A further embodiment of the invention is illustrated in 

FIG. 7. In this form the restricted orifice 243 is formed 
in a wafer or disc 270 having a central pilot 271 adapted 
to fit within the bore 249 in the spray tip 246. The pilot 
27 may be formed to fit snugly in the bore 249 so as 
to insure maintaining the orifice 243 exactly co-axial with 
the nozzle opening. This pilot may, of course, be used 
in either of the embodiments previously disclosed and 
as explained in connection with FIG. 6 the disc 270 may 
be made interchangeable so as to provide the correct size 
and length of orifice 243 for each different size of nozzle 
opening to be used on the gun. 
A further embodiment of the invention is illustrated 

in FiG. 8. In this form no restricted orifice is used be 
tween the valve and the spray opening and instead the 
paint is accelerated to the desired velocity by forcing a 
greater volume through the valve body than is delivered 
through the spray opening. In this form the nut 323 
is secured in the forward end of the bore 314 in the gun 
and supports the valve body 324. The valve body is pro 
vided with a straight cylindrical opening 325 which is 
preferably substantially larger in area than the largest 
spray nozzle to be used with the gun. The nut 323 has 
a counterbore 341 which may be substantially the same 
diameter as the bore 325 in the valve body and forms a 
continuation thereof. The counterbore 345 opens into 
the interior of the spacer sleeve 35 which in turn com 
municates with the enlarged bore 349 in the spray tip 
346 in substantially the same way as the embodiment in 
FIGS. 1 to 5. A radial hole 373 is drilled through the 
front flange of the nut 323 leading from the counterbore 
34 to the annular space 374 between the periphery of 
the nut 323 and the interior of the nut 336. Another 
radial hole 375 extends through the side wall of the 
nut 335 and is connected to a return line such as a hose 
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8 
376 open substantially to atmospheric pressure, as by 
being connected to the intake side of the pressure pump 
or the like. The radial holes. 373 and 375 are large 
enough in diameter to produce no substantial back-pres 
sure, so that the pressure in the counterbore 341 is re 
duced substantially to atmospheric pressure. 

With this arrangement when the ball valve 326 is open 
high pressure paint flows from the bore 314 through the 
valve port 325 with a velocity determined by the pressure 
head and the diameter of the bore 325, the pressure drop 
ping substantially to atmospheric when the paint reaches 
the counterbore 341. The high velocity submerged jet 
emerging axially from the counterbore 34 is thus driven 
through the spray opening in the spray tip 346 at Sub 
stantially the same velocity, the excess volume resulting 
from the large diameter of the bore 325 passing off 
through the radial bores 373 and 375 at substantially at 
mospheric pressure. 

This arrangement shown in FIG. 8 thus permits a 
single valve body to be used with any of a wide range 
of different sizes of spray nozzle openings and delivers 
the paint through the nozzle opening without Substantial 
change in velocity so that no vena contracta is formed in 
the spray fan and uniform atomization and the desired 
distribution of the paint is obtained in the same manner 
described in connection with the embodiments in FIGS. 
1 to 7. 
While preferred embodiments of the invention have 

been described in considerable detail it will be understood 
that various rearrangements and modifications may be 
resorted to without departing from the scope of the in 
wention as defined in the following claims: 
What is claimed is: 
1. Means for hydraulically atomizing and spraying 

liquids comprising a body formed with a passageway 
adapted to be connected to a source of liquid under pres 
sure and completely filled with such liquid, a spray tip 
secured to said body and having a nozzle opening ex 
tending therethrough, said nozzle opening being elon 
gated in cross-section and being defined by converging 
walls of said spray tip intersecting in a non-circular sharp 
edge, said nozzle opening having a cross-sectional area 
equal to the area of a circle having a diameter no greater 
than .035 of an inch and communicating with a portion 
of said passageway constituting a chamber having a cross 
sectional area substantially greater than that of said 
nozzle opening, means in said passageway forming a re 
stricted orifice circular in cross-section and opening into 
said chamber and co-axial with said nozzle opening, said 
restricted orifice having an area no greater than about 
twice the area of said nozzle opening and having a uni 
form diameter no greater than about .035 of an inch 
through an axial length at least about twice its diameter, 
said orifice being arranged to accelerate liquid from said 
source and direct the same as a submerged jet through said 
chamber and co-axially into said nozzle opening, whereby 
the liquid emerges from said nozzle opening as an atom 
ized mist substantially uniformly distributed in an oval 
shaped pattern with feathered edges. 

2. Means for hydraulically atomizing and spraying 
liquids comprising a body formed with a passageway 
adapted to be connected to a source of liquid under pres 
sure and completely filled with such liquid, a spray tip 
secured to said body and having a nozzle opening extend 
ing therethrough, said nozzle opening being elongated in 
cross-section and being defined by converging walls of 
said spray tip intersecting in a non-circular sharp edge, 
said nozzle opening having a cross-sectional area equal 
to the area of a circle having a diameter no greater than 
.035 of an inch and communicating with a portion of said 
passageway constituting a chamber having a cross-sec 
tional area substantially greater than the area of said 
nozzle opening, means in said passageway forming a re 
stricted orifice circular in cross-section and opening into 
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said chamber and co-axial with said nozzle opening, said 
restricted orifice having an area between one-fourth and 
twice the area of said nozzle opening and having a uni 
form diameter no greater than about .035 of an inch 
through an axial length at least about twice its diameter, 
said orifice being arranged to accelerate liquid from said 
source and direct the same as a submerged jet through 
said chamber and co-axially into the inner end of said 
nozzle opening, whereby the liquid emerges from said 
nozzle opening as an atomized mist substantially uniform 
ly distributed in an oval shaped pattern with feathered 
edges. 

3. In an airless paint spray gun of the type having a 
spray tip with a transversely elongated sharp-edged open 
ing therethrough and a passageway in the gun for paint 
under pressure leading to said spray tip, a valve in said 
passageway to control the flow of paint to the spray tip, 
means to provide a feather-edged pattern for the spray 
comprising a disc in said passageway between said valve 
and said spray tip, a cylindrical projection on the face of 
said disc adjacent the spray tip, said projection having a 
paint discharge orifice therein aligned with the said open 
ing in the spray tip, said spray tip having a cylindrical 
recess adjacent the cylindrical projection on said disc, 
said recess having an inner diameter corresponding to the 
outer diameter of said projection and fitting around the 
projection to maintain the paint discharge orifice therein 
aligned with the spray tip opening, said paint discharge 
orifice and said spray tip opening being spaced to form 
a paint chamber within said recess around the discharge 
jet going from the orifice in the projection to the opening 
in the spray tip. 

4. Means for hydraulically atomizing and spraying 
paint comprising an airless spray gun having a passage 
way with an inlet adapted to be connected to a source of 
liquid paint under pressure, said passageway leading to a 
spray tip having a nozzle opening extending therethrough, 
said nozzle opening being elongated in cross-section and 
being defined by converging walls of said spray tip in 
tersecting in a non-circular sharp edge, said nozzle 
opening having an area no greater than about .001 square 
inch, a valve body in said passageway having a valve 
seat surrounding a valve port, said valve port having a 
substantially larger area than said nozzle opening, a valve 
member movable in said passageway for controlling the 
flow of paint through said valve port, said gun including 
an enlarged chamber between said valve port and said 
nozzle opening, and means between said valve port and 
said nozzle opening, including an axially extending circu 
lar bore with a diameter substantially smaller than said 
chamber connecting said valve port with said chamber, 
said means creating a compact submerged jet of liquid 
paint moving axially through said chamber and into said 
nozzle opening with a velocity and pressure substantially 
equal to the velocity and pressure of the paint passing 
through said nozzle opening, whereby the paint emerges 
from said nozzle opening as an atomized mist substantial ly uniformly distributed in an elongated spray pattern 
having feathered edges. 

5. Means for hydraulically atomizing and spraying 
paint comprising an airless spray gun having a passage 
way with an inlet adapted to be connected to a source of 
liquid paint under pressure, said passageway leading to 
a spray tip having a nozzle opening extending there 
through, said nozzle opening being elongated in cross 
section and being defined by converging walls of said spray 
tip intersecting in a non-circular sharp edge, a valve 
body in said passageway having a valve seat Surrounding 
a valve port, said valve port having a substantially larger 
area than said nozzle opening, a valve member movable 
in said passageway for controlling the flow of paint 
through said valve port, said gun including an enlarged 
substantially cylindrical chamber between said valve port 
and said nozzle opening, and means between said valve 
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10 
port and said nozzle opening creating a compact Sub 
merged jet of liquid paint moving axially through said 
enlarged chamber and into said nozzle opening with a 
velocity and pressure substantially equal to the velocity 
and pressure of the paint passing through said nozzle 
opening, said means including an axially extending circu 
lar bore constituting the inlet to said chamber from said 
valve port, said bore having an area no greater than about 
twice the area of said nozzle opening and having an axial 
length greater than about twice its diameter, whereby 
the paint emerges from said nozzle opening as an atomized 
mist substantially uniformly distributed in an elongated 
spray pattern having feathered edges. 

6. Means for hydraulically atomizing and spraying 
paint comprising an airless spray gun having a passage 
way with an inlet adapted to be connected to a source of 
liquid paint under pressure, said passageway leading to a 
spray tip having a nozzle opening extending therethrough, 
said nozzle opening being elongated in cross-section and 
being defined by converging walls of said spray tip inter 
secting in a non-circular sharp edge, a valve body in said 
passageway having a valve seat surrounding a valve port, 
said valve port having a substantially larger area than said 
nozzle opening, a valve member movable in said passage 
way for controlling the flow of paint through said valve 
port, said gun including an enlarged chamber between 
said valve port and said nozzle opening, and a separate 
member in said passageway between said valve body and 
said chamber formed with an axially extending circular 
bore having an axial length greater than about twice its 
diameter and no greater than about twice the area of said 
nozzle opening, said member creating a compact sub 
merged jet of liquid paint moving axially through said 
enlarged chamber and into said nozzle opening with a 
velocity and pressure substantially equal to the velocity 
and pressure of the paint passing through said nozzle 
opening, whereby the paint emerges from said nozzle 
opening as an atomized mist substantially uniformly dis 
tributed in an elongated spray pattern having feathered 
edges. 

7. Means for hydraulically atomizing and spraying 
paint comprising an airless spray gun having a passage 
way with an inlet adapted to be connected to a source 
of liquid paint under pressure, said passageway leading 
to a spray tip having a sharp-edged elongated nozzle open 
ing extending therethrough, said nozzle opening having 
an area no greater than about .001 square inch, a valve 
body in said passageway having a valve seat surrounding 
a valve port, said valve port having a substantially larger 
cross-sectional area than said nozzle opening, a valve 
member movable in said passageway for controlling the 
flow of paint through said valve port, said gun including 
an enlarged chamber between said valve port and said 
nozzle opening, and means between said valve port and 
said nozzle opening including an axially extending circu 
lar bore with a diameter substantially smaller than said 
chamber and substantially larger than said nozzle open 
ing connecting said valve port with said chamber, and a 
bleed opening connecting said chamber with a low pres 
sure Zone having substantially atmospheric pressure, said 
means maintaining the static pressure in said chamber 
substantially atmospheric and creating a compact sub 
merged jet of liquid paint moving axially through said 
chamber and into said nozzle opening with a velocity and 
pressure substantially equal to the velocity and pressure 
of the paint passing through said nozzle opening, part of 
the paint entering said chamber from said bore passing 
out of said chamber through said bleed opening and the 
remainder emerging from said nozzle opening as an 
atomized mist substantially uniformly distributed in an 
elongated spray pattern having feathered edges. 

8. Means for hydraulically atomizing and spraying 
liquids comprising a body formed with a passageway 
adapted to be connected to a source of liquid under pres 
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sure and completely filled with such liquid, a spray tip 
secured to said body and having a nozzle opening extend 
ing therethrough, said nozzle opening being elongated 
in cross-section and being defined by converging walls 
of said spray tip intersecting in a non-circular sharp edge, 
said nozzle opening having a cross-sectional area equal to 
the area of a circle having a diameter no greater than 
.035 of an inch and communicating with a portion of said 
passageway constituting a chamber having a cross-sec 
tional area substantially greater than that of said nozzle 
opening, means in said passageway forming a restricted 
orifice circular in cross-section and opening into said 
chamber and co-axial with said nozzle opening, said re 
stricted orifice having an area substantially equal to the 
area of said nozzle opening and having a uniform diam 
eter no greater than about .035 of an inch through an 
axial length at least about twice its diameter, said orifice 
being arranged to accelerate liquid from said source and 
direct the same as a submerged jet through said chamber 
and co-axially into said nozzle opening, whereby the liq- 20 2,754,228 
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uid emerges from said nozzle opening as an atomized 
mist substantially uniformly distributed in an oval shaped 
pattern with feathered edges. 
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